INTRODUCTION
Starvation and protein-calorie undernutrition result in a decreased rate of growth or loss of total body weight (1) . However, the effect on individual organs and cell types is far from uniform (2) (3) (4) (5) (6) . Skeletal muscle and liver account for a major portion of the weight deficit under most conditions of undernutrition, whereas other tissues, such as brain, appear to be spared. The factors responsible for the relatively protected status of the Received for publication 12 October 1971 and in revised form 7 February 1972. brain in respect to size and protein content are not yet defined.
Certain characteristics of growth and development of the brain could account for its relative resistance to the effects of undernutrition. Brain growth is disproportionately rapid during early development (7) , particularly in the intrauterine and nursing periods which are also characterized by the best assurance of adequate nutrition from maternal sources. At weaning, the brain weight and cell number in most mammals is close to that of the adult (7) . The effects of malnutrition are often most profound in rapidly growing tissues (5) and, in fully grown animals, in those tissues with a rapid rate of cell replacement such as blood, intestinal mucosa, and epithelial tissues (8, 9) . There is very little cell proliferation or cell replacement in the adult brain (10) .
An additional factor favoring the retention of protein by the brain is that many cellular components of nervous tissue, particularly nerve collagen and lipoprotein fractions of brain, appear to have a long lifespan-in excess of 150 days in the rat (11, 12) . Thus, the requirement for dietary substrates to replace loss of degraded protein components of these cells should be much less than in an organ such as the liver which, in spite of a slow rate of cell renewal, replaces over half of its protein in less than 4 days (13) .
Increased reutilization of cellular breakdown products is also an extremely efficient adaptation to malnutrition. In rats fasted 1 or 2 days, as much as 90% of the free amino acid pool available for synthesis of new protein in liver is reported to be derived from protein degradation (14) . Other investigators (15) , using similar methods, report less striking effects of starvation or low protein diet on the recycling of amino acids.
A different mechanism by which brain protein can be spared when the normal dietary sources are interrupted or diminished, is through a supply of amino acids to the brain from such tissues as liver and skeletal muscle (14, 16) . In starved rats, liver weight and protein decrease drastically for 2-3 days and then stabilize (14, 17) . This period is followed by a slow but sustained loss of weight and protein by the skeletal muscle (14) . It is uncertain whether the protein is mobilized primarily to satisfy energy needs or whether it also supplies the raw materials for maintaining the integrity of such tissues as brain that are characterized by very little weight deficit during malnutrition.
Our study suggested itself as a means of assessing the extent to which the brain maintains itself during a period of protein malnutrition, either by conservation of its cellular protein constituents or, alternately, through preferential utilization of amino acids released by other tissues in the body. It was anticipated that administration of leucine-'H to rats during a period of early development characterized by disproportionately rapid brain growth, and leucine-"C later, when brain growth diminishes but total body weight gain remains rapid, would result in labeling of brain protein with a uniquely high ratio of 'H: "C. After institution of a diet low in protein, it would then be determined whether brain protein retains this labeling ratio or reverts to one characteristic of other body proteins.
METHODS
Female Sprague-Dawley rats' were housed eight per litter at 6 days of age together with mothers, under conditions of controlled temperature and a 7 a.m. to 7 p.m. light cycle. The mothers were fed a complete pelleted diet.' Nursing animals were kept with the mothers until 20 days of age, then weaned and housed four per cage and fed the pelleted diet until 35 days of age. After this the rats were divided into two groups, one fed a 26%o protein diet and the other a protein-deficient diet (3.4%).' Food and drinking water were available continuously.
Injections of radioisotopes' were given intraperitoneally between 2 and 4 p.m. L-Leucine- [4,5-'H] was given daily in a dose of 10 uCi/100 g body weight (40 Ci/mmole) for 13 days, from 6 through 18 days of age; L-leucine-["C] 1.0 ,uCi/100 g (300 Ci/mmole) was injected daily for 10 days, from ages 24 through 33 days. Individual rats received an average total of 22 ;tCi leucine-'H and 7.3 AtCi leucine-'C.
Randomly selected groups of rats were killed by decapitation between 9 and 10 a.m., before institution of the low protein and normal protein diet regimens at 35 days of age, and after 3, 10, 20, and 42 days of the diet, corresponding to 38, 45, 55, and 77 days of age, respectively. The organs were quickly excised and frozen, or immediately weighed and homogenized in cold distilled water in a Potter-Elvehj em glass homogenizer. of the total radioactivity was present in the DNA extract, but since a roughly corresponding amount of protein was also found to become solubilized in PCA during the 70'C incubation, this radioactivity most likely represents protein rather than significant incorporation into DNA. Negligible radioactivity was found in the phospholipid fraction of muscle or liver extracts. In contrast, the phospholipid fraction in brain homogenate (cerebrum) contained almost as much label as the protein fraction. However, there was no evidence of contamination of the 0.2 M NaOH protein hydrolysate by lipid radioactivity since prior lipid extraction had no effect on the counts in the protein fraction. The proportion of label in protein remaining as leucine (or isoleucine) was determined by hydrolysis of acetone precipitated protein in 6 N HCl at 1100 for 3 hr. A portion of the hydrolysate was spotted on 12 X 12 inch Whatman No. 3 filter paper and developed two-dimensionally in ascending manner on pyridine-acetone-3 N NH40H (50: 30: 25) and isopropyl alcohol-formic acid-H20 (8: 1: 1). By this means some 15 amino acids could be separated; leucine and isoleucine migrate as one spot. The positions of the amino acids on the chromatogram were detected as blue regions by spraying with a 1%o ethanolic ninhydrin solution. The same positions were marked on a second chromatogram developed along with the first and cut out. The amino acid "spots" were measured for radioactivity by placing the paper cut-outs directly in 10 ml of scintillation mixture. All of the radioactivity on the chromatograms of the acidhydrolyzed protein of brain, liver, and muscle homogenates from both normal protein-and low protein-fed animals 20 days after cessation of isotope injection appeared in the leucine-isoleucine spot. None of the other amino acids separated contained any measurable activity.
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RESULTS AND CONCLUSIONS
Labeling pattern of protein in brain compared to other tissues. The design of this experiment required that brain protein attain a ratio of 'H: XC distinctly higher than in other tissues of the body, particularly such major depots of protein as skeletal muscle (6) . Fig. 1 illustrates the basis for anticipating these results. Leucine-'H was administered during a period of rapid increase in brain weight (19) and leucine-l4C at a time when the rate of brain growth was decreasing but that of the rest of the body continued unabated. At 35 days of age, 'H: 1'C found in the protein of each of the three brain segments averaged between 1.63 and 1.82 (Table I) ; in all other tissues it was 1.07 or less. The 'H: 'C ratio in brain was sufficiently higher than in other tissues to permit the planned experimental manipulations. As anticipated from their high rates of protein synthesis and degradation, liver (13) and intestinal mucosa (20) were particularly rich in 1'C, the most recently administered isotope, resulting in the lowest 'H: 1'C ratio.
Body and tissue weights during administration of diets containing 3.4% or 26% protein. After institution of a 3.4% protein diet at 35 days of age body weight decreased slightly for 10 days but then remained essentially unchanged (Fig. 2) (Fig. 3) . After 42 days of the 26% protein diet (77 days of age) the means of the ratios ranged from 1.64 to 1.79 compared with the initial values of 1.63-1.82. In contrast, the 'H: XC ratios in rats receiving 3.4% protein decreased, particularly after 10 days of the diet. After 42 days of the diet the ratios in cerebrum, cerebellum, and brain stem were 1.18, 1.20, and 1.17, respectively, approaching those for skeletal muscle-the major protein depot of the body.
There was very little increment in total brain protein in either group of animals during the 42 days of the dietary regimen. Therefore the rate of protein synthesis must approximate the rate of protein degradation.
The maintenance of a distinctively high 'H: 'C in the brain protein of rats receiving the 26% protein diet suggested that most of the new protein that replaced the catabolized molecules was not synthesized from the products of protein degradation in other tissues but from unlabeled amino acids supplied by the diet. In contrast, the 3.4% protein diet resulted in the gradual shift of brain 8H: "C towards that of muscle and other tissues, indicating that newly synthesized brain protein utilized amino acids from degradations of protein elsewhere in the body.
In each of the tissues other than the brain, 'H: 'C remained similar in the two dietary groups at any given age. In skeletal muscle (gastrocnemius) the ratio remained almost unchanged from the initial value of 1.07±0.10 and 0.99+0.11, respectively, in the 26% and 3.4% protein diet groups. The values for myocardial muscle were almost identical to those of skeletal muscle and also remained stable. In liver and intestinal mucosa, values for 8H: "C increased from less than 0.5 before 3 days of diet and approached those of skeletal muscle after 10 days of the regimens. Thus, in the animals receiving 26% protein, all tissues except the brain approached -a common ratio, close to that of skeletal muscle. This was to be anticipated if most tissues contribute amino acids to a common circulating pool, which is also drawn upon for synthesis of new protein. However, the presence of long-lived protein components (11, 12) and local recycling of amino acids within cells and tissues (14, 15) are factors which would favor incomplete mixing of the isotopes with maintenance of some differences in 8H: "C among tissues. Decay of radioactivity in the cerebrum. The rate of 24 days for 'C. By contrast, in rats fed the 3.4% prodecay of radioactivity in the cerebrum between 38 and 77 tein regimen there was a slower loss of each isotope, days of age is shown in Fig. 4 . In rats receiving the 26% particularly 'C. Indeed there was no significant net deprotein diet the total number of counts in acid-precipitable crease in total cerebral 'C during the first 2 days of the protein of the cerebrum decreased in a linear fashion, 3.4% protein diet and thereafter the loss of label was with almost identical half-times of 22.5 days for 8H and slight. The decay results are consistent with the hypothe- 
